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CENTRALIZED COMMAND TRANSFER 
CONTROL SYSTEM FOR CONNECTING 

PROCESSORS WHICH INDEPENDENTLY SEND 
AND RECEIVE COMMANDS 

This is a continuation of co-pending application Ser. 
No. 748,344 ?led June 24, 1985. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a computer system 

having a multiprocessor construction, more particularly 
to a system for controlling the transfer of commands 
between processors in a multiprocessor system. 

2. Description of the Related Art 
One of the major methods for forming a computer 

system is to tie in a plurality of central processors, input 
/output processors, and the like to a common main 
memory unit. Such a system is called a multiprocessor 
system. 
Such a multiprocessor system requires means for 

compulsory synchronization of the control operation 
between processors or the ability to directly transmit 
command information and response information there 
for between processors for the control of startup at the 
start of system operation, control by one processor over 
the initialization, start, stop, etc. of another processor 
when the other processor is malfunctioning, etc. 
For example, the central processors in multiprocessor 

systems are subject to what are called “signal processor 
commands", by which they transfer commands to other 
processors for the above-mentioned purpose. When 
executing such a command, they transfer command 
codes and parameters speci?ed by the command to a 
designated processor and receive response information 
therefrom. 
The response information includes the state of receipt 

of the commands and, when the commands are not 
received, information allowing determination of the 
state of the speci?ed processor. 

Further, when a desired kind of command is exe 
cuted, information summarizing the results of execut 
ing, etc. is set as a condition code. The condition code 
of a signal processor command is mainly formed based 
on the above-mentioned response information. 

For such transfer of information between processors, 
conventional systems, have been provided with infor 
mation transfer paths (wires) directly connecting the 
processors for every combination of two processors. 
Most conventional multiprocessor systems consist of 

two central processors. Advances in electronics tech. 
nology, however, have made an increased number of 
the central processors more practical. A multiprocessor 
system having an increased number of processors 
should preferably be controlled by a method different 
from the conventional method and which different 
method is appropriate for information transfer between 
a large number of processors for communication of 
common information between the processors. 
That is, in a method for control of a conventional 

system, the number of the information transfer lines 
increases in proportion to the square of the number of 
the processors and the scale of the control circuit pro 
vided in each processor increases in proportion to the 
number of the processors. Therefore, the scale of the 
overall system increases in proportion to the square of 
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the number of the processors. This causes problems in 
economy and reliability. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
novel system for controlling the transfer of commands 
between processors in a multiprocessor system by 
which the above-mentioned drawbacks can be elimi 
nated. 

This object can be achieved, according to the present 
invention, by a system for controlling the transfer of 
commands between processors including a single con 
trol unit connected to all the processors by separate 
information transfer paths; the control unit including 
means for selecting, in a predetermined priority order, 
the processor generating a command transfer request 
signal; means for receiving a processor address from the 
selected processor; means for determining the receiving 
processor and predetermined transfer information based 
on the selected processor, the processor address, and 
processor status information determined by the proces 
sor address; means for transferring the predetermined 
transfer information to the receiving processor; and 
means for establishing an information transfer path be 
tween the selected processor and the receiving proces 
sor. 

Further features and advantages of the present inven 
tion will be apparent from the ensuring description with 
reference to the accompanying drawings to which, 
however, the scope of the invention is in no way lim 
ited. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of one example of a conventional 
system; 
FIG. 2 is diagram of the system construction of an 

embodiment of the present invention; 
FIG. 3 is a block diagram of the control unit and 

processors of an embodiment of the present invention; 
FIG. 4 is a block diagram of a command receiving 

portion; 
FIG. 5 is a block diagram of the control unit of an 

other embodiment of the present invention; 
FIG. 6 is a time chart of the operation of the control 

unit shown in FIG. 5; 
FIG. 7a to 7e are a diagrams of formats of the instruc 

tion used in FIG. 6; 
FIG. 8 is a block diagram of one embodiment of the 

command receiving portion; and ' 
FIG. 9 is a block diagram of one embodiment of the 

command sending portion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a block diagram of one example of a con 
ventional system. 

In FIG. 1, 1 to 4 are processors. As typically shown 
by reference numeral 6, a pair of information transfer 
paths is provided between every pair of combination of 
two processors. Therefore, six pairs of the information 
transfers paths are required. Further, each processor 
requires the same number of information transfer inter 
faces. In addition, for the purpose of controlling the 
transfer of commands, each processor should be pro 
vided with a control circuit for judging the state of the 
other three processors and with lines for showing this 
state. 
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FIG. 2 shows the system construction of an embodi 
ment of the present invention. In the drawing, a control 
unit 10 functions to control communication between 
four processors 11 to 14. The processors 11 to 14 are 
separately connected to the control unit 10 by pairs of 
information transfer paths 15 to 18. 
FIG. 3 is a block diagram of an embodiment of the 

control unit 10 and processors. As shown in the ?gure, 
each processor 11 to 14 is provided with a command 
sending portion 20. When a processor is to execute the 
above command, the command sending portion 20 gen 
erates command information based on the command 
and receives response information for processing. Each 
processor 11 to 14 is also provided with a command 
receiving portion 21. When a processor is to receive 
commands, the command receiving portion 21 receives 
and processes the command information and generates 
response information. 

Information transfer paths 22 and 23 connect each of 
the processors 11 to 14 to the control unit 10. These 
paths carry information between the command sending 
portion 20 and command receiving portion 21, and the 
controller 10, respectively. Alternatively, a single bi 
directional information transfer path may be provided 
for the command sending portion 20 and the command 
receiving portion 21 for common use. 

Registers 24 and 25 are provided in each of the pro 
cessors 11 to 14 and a corresponding number of regis 
ters 26 and 27 in the control unit 10 corresponding to 
the transfer paths 22 and 23. The sending side register 
24 is connected to the command sending portion 20 by 
a multiplexer 28 when the command receiving portion 
21 is not transferring information. The receiving side 
register 25 is always connected to the command sending 
portion 20 and the command receiving portion 21, the 
received information being used as valid information by 
one of the same depending on the content thereof. 

Below, the invention will be explained in more detail 
by referring to a case wherein command information is 
transferred from the processor 11 to the processor 13 
due to execution of a signal processor command in the 
processor 11, response information therefore being sent 
from the processor 13 to the processor 11. 
When the processor 11 begins executing the signal 

processor command, its command sending portion 20 
forms, by a well known method, the receiving proces 
sor address (address of processor 13) of the command 
receiving side, a command code, and parameters from 
the operand based on the speci?cations of the com 
mand. 
The command sending portion 20 loads the receiving 

processor address into the register 24. At the same time, 
it loads the command transfer request bit in the register 
24 and transfers the information in the register 24 to the 
register 26 in the control unit 10. 

In the control unit 10, a multiplexer 30 is used to 
select the one of the registers 26 corresponding to the 
processors in which the command transfer request bit is 
on based on a suitable priority order. The receiving 
processor address in the register 26 is transferred to the 
register 60 and held therein. At the same time, the send 
ing processor address of the sending processor 11 deter 
mined by the terminal selected by the multiplexer 30 is 
held in the register 32. 
The address of the receiving processor of in the regis 

ter 60 is supplied to a control circuit 61, where the 
appropriateness of the address is examined. The concept 
of improper addresses will be explained later. In any 
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4 
case, when the receiving processor address is proper 
(the processor addressed exists in this system), the selec 
tion signal corresponding to the processor address in 
the register selection 60 is selected from the signals 
indicating the switching state of the source or control 
state in the processors, indicated as the signal group 62. 
Using the selection signals, the specified receiving pro 
cessor determines whether the command can be re 
ceived. 
When receivable, the processor address in the regis 

ter 60 is transferred to the register 31. The multiplexer 
33 is controlled by the content of the register 31 and 
functions to connect the bus 34 in the control unit to one 
of the registers 27 corresponding to the processors 11 to 
14. The information transfer path to the speci?ed re 
ceiving processor is determined in this way. 
The control circuit 61 transfers the sending processor 

address in the register 32 to the signal line 63 and sends 
the same via the register 27 to the receiving processor 
(in this example processor 13). 
When it is determined that the receiving processor 

address in the register 60 is proper, but the receiving 
processor is in a state where it cannot receive the com 
mand at that time, the control circuit 61 exercises con 
trol so as to transfer the sending processor address in the 
register 32 to the register 31 and connect the multi 
plexer 33 to the sending processor (11). Also, at this 
time, the control circuit 61 generates, based on the sig 
nal of the signal line group 62, a processor address 
which is not proper for the state and transfers the im 
proper address from the signal line 63 via the register 27 
to the register 25 in the sending processor 11 and indi 
cates to the sending processor the data cannot be trans 
ferred because of some problem in the receiving proces 
sor. 

When there is an improper processor address in the 
register 60 sent by sending processor 11 which ad 
dresses a processor not in the system, this means an 
improper processor address was forcibly generated in 
the sending processor 11. That is, for example, the send 
ing processor 11 examines whether the processor ad 
dress formed by the operand of the signal processor 
command is a processor address in the system. When it 
does not exist in the system, the sending process 11 
forcibly generates the improper processor address. If 
the maximum number of processors connectable to the 
system is four, the improper processor address can be 
formed as an address having one “1” bit in a position 
higher than the lower 2 bits in the binary coded nota 
tion. Further, if necessary, special meaning may be 
given to the position of above-mentioned “1” bit, e.g., 
the indication of a specific state. 
When there is an improper processor address in the 

register 60, just as when the specified processor cannot 
receive the command, the control circuit 61 connects 
the multiplexer 33 to the sending processor 11. How 
ever, the content of the register 60 is sent as is from the 
signal line 63 thus, indicating a sending processor error. 
As discussed above, when the receiving processor 

and the predetermined transfer information are deter 
mined, signal lines (not shown) of the processors are 
used for transmission of a command input signal to the 
receiving processor 13 and a command valid signal to 
the sending processor 11. An information transfer path 
is thus secured from the sending processor 11 to the 
receiving processor 13. At the same time, the transfer 
information of the register 27 is transferred via the reg 
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ister 25 in the receiving processor 13 to the command 
receiving portion 21. 
When the command receiving portion 20 in the send 

ing processor 11 receives the above-mentioned com 
mand valid signal, it successively sends the command 
code, parameters, etc. via the register 24, the register 26, 
the multiplexer 30, the multiplexer 33, the register 27, 
and the register 25 in the receiving processor 13 to the 
command receiving portion 21. The command receiv 
ing portion 21 in the receiving processor 13 receives, by 
receipt of the command input signal mentioned above, 
the above-mentioned transfer information, transferred 
at the same time, and the command code, parameters, 
etc. transferred successively from the sending processor 
11. 

Further, as mentioned above, sometimes the receiv 
ing processor is the same processor as the sending pro 
cessor. In such a case, the exact same information trans 
fer as mentioned above is carried out between the com 
mand sending portion 20 and the command receiving 
portion 21, constructed to operate independently in the 
same processor, of the processor 11, which is com 
monly used as the sending and receiving processor. 

In the receiving processor 13 (which is the same as 
for processor 11 used as receiving processor, no special 
explanation is made below), when the command receiv 
ing portion 21 receives, via the registers 25, the proces 
sor address together with the command input signal, the 
portion 21 recognizes, based on the processor address, 
that the command is issued from, for example, the pro 
cessor 11, and receives the following command infor 
mation. 
The command receiving portion 21 in the receiving 

processor 13 has, for example, the construction shown 
in FIG. 4. It decodes the command code from the regis 
ter 25 using a decoder 40 and sends the same to the 
control circuit 41. 
The control circuit 41 determines, based on the kind 

of command and the state of the processor 13 read from 
the signal line 42, whether the command can be re 
ceived and forms status information denoting the results 
thereof, etc. 

Further, by the above-mentioned process, when it is 
determined that the command can be received, the 
command information is supplied to the processor by 
the signal line 43. As a result, control in accordance 
with the command is carried out, and, in accordance 
with the content of the command, generation of a hold 
on interruptions, initialization of the processor, and 
other control commences. 

In the above-mentioned process in the control circuit 
41, at the same time that the status information is cre 
ated, the condition code is created as information sum 
marizing the status information. For example, such in 
formation concerning, for example, whether the com 
mand is received in the state where it executed nor 
mally, whether status information indicating an abnor 
mal state is received as the response information, etc. is 
loaded. 
When the command receiving portion 21 of the pro 

cessor 13 on the command receiving side creates re 
sponse information formed according to the above 
mentioned process from the status information and the 
condition code, it switches the multiplexer 28 to con 
nect the register 24 to the command receiving portion 
21 and loads the response information into the register 
24. Further, it sets the response information transfer 
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request bit of the register 24 and transfers the informa 
tion to the register 26 in the control unit 10. 
When the register 26 in the control unit 10 receives 

the response information transfer request bit, the multi 
plexer 30 is switched so as to receive input from the 
receiving processor 13. Further, the multiplexer 33 is 
switched for output to the sending processor 11 by the 
processor address in the register 32. 
By the process mentioned above, the response infor 

mation loaded in the register 24 in the processor 13 is 
received by the command sending portion 20 via the 
registers 26 and 27, and the register 25 in the processor 
11. 
When the command receiving portion 21 in the pro 

cessor 13 sends the response information, the portion 21 
returns the register 24 to connection to the command 
sending portion 20 and resets the state to enable execu 
tion of a new signal processor instruction. 
When the control unit 10 detects, by timing, the ter 

mination of the transfer of response information having 
a predetermined length, the control unit 10 recognizes 
the termination of a series of the communications com 
menced in the processor 11 and resets the state to enable 
receipt of a new transfer request. 
Along with the completion of the above-mentioned 

sequence of operations command transfer requests from 
processors previously not selected in the command 
transfer are accepted in a predetermined priority order 
when the command transfer request bits of the corre 
sponding registers 26 are on. 

In the command receiving portion 21, when the ?rst 
received processor address is an improper processor 
address as mentioned above (in this case, the receiving 
processor becomes the same as the sending processor), 
the command receiving portion 21 refers also to the 
upper “I” bit of the address and generates status infor 
mation and a condition code. 
The means and method of information transfer con 

trol mentioned above enables processing in the case 
where a nonexistent processor address is designated, in 
the case where the receiving processor cannot receive 
the command due to a power cut, etc., and other abnor 
mal cases by exactly the same control sequence as when 
the receiving processor normally sends response infor 
mation. This simpli?ed the control in the command 
transfer control system. 
The second embodiment of the present invention is 

shown in FIG. 5. In FIG. 5, elements the same as in 
FIG. 2 are shown by the same reference numerals. Ref 
erence numerals 24a, 24b; 25a, 25b; 26a, 26b 26c, 26d; 
27a, 27b, 27c, 27d; correspond to 24, 25, 26, 27 in FIG. 
2, respectively. The signals in line 22 (from the central 
processor to the system control interface) include the 

DATA OUT (0 to 7. P . . . parity) 

COMMAND OUT 
STATUS OUT 

1 1 lines 

following: 

The signals in line 23 (from SCI to CPU) include the 

DATA IN (0 to 7, P . . . parity) 

COMMAND IN 
STATUS IN 

following: 

J 12 lines 
COMMAND ACK 
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FIG. 6 is a timing chart explaining the signal flow in 
the circuit shown in FIG. 5. FIG. 7 shows the construc 
tion of the signals in FIG. 6, that is, CPU.ADDRESS, 
ORDER, PARAMETER, CC (Condition Code), and 
STATUS. 

In FIG. 6, a command out signal is generated from, 
for example, the central processor 0. The command out 
signal is supplied via the register 26a, a multiplexer 51, 
a register 56, and a multiplexer 52, or via the register 
260, a multiplexer 51, a register 58, and a multiplexer 54, 
to another central processor which is addressed by the 
central processor 0. When the COMMAND ACK sig 
nal is fed back to the central processor 0, the ORDER 
and PARAMETER shown in FIGS. 7 (b) and (c) are 
supplied to the address central processor 0, via the sys 
tem control interface. 
When the receiving side receives ADDRESS, OR 

DER, PARAMETER from the sending portion, the 
receiving side determines whether the received infor 
mation can be accepted and forms the condition code 
CC. The condition code CC and the response informa 
tion transfer bit is transferred to the sending portion. 
FIGS. 8 and 9 are block diagrams of the sending 

portion, respectively and the receiving portion. Refer 
ence numerals the same as in FIG. 2 designate the same 
elements. 

In FIG. 8, the information received from the system 
control interface is stored in the order part of register 
25, the register 60, and the register 61. The output of the 
register 25 is decoded in the decoder 62 and supplied to 
a status control unit. In the status control unit, in accor 
dance with a ?rst valid circuit 64 or a second valid 
circuit 65, the CC and STATUS information is supplied 
to a data-out selector. On the other hand, the received 

10 

25 

30 

data is stored via a data-in latch register circuit part of 35 
register 25 into to registers 67 and 68. 

In FIG. 9, the sending portion stores CPV AD 
DRESS, ORDER CODE, and PARAMETER in the 
registers 71, 72, and 73 respectively. The stored data is 
selected by an address check circuit 74 and an order 
check circuit 75, and the data is output to the system 
control interface via the register 24 and a data output 
selector 76. The data received from the system control 
interface is stored in the CC and status portion of regis 
ters 25. 
As mentioned in detail above, the processors are each 

provided with a single separate set of information trans 
fer paths linking them to a single control unit. The con 
trol unit, based on the request of a sending processor, 
controls the transfer of desired information from the 
transfer origin to the receiving processor. 

Further, the control unit is provided with means for 
deciding on or determining the receiving processor and 
the predetermined transfer information based on the 
selected processor on the command sending side, the 
receiving processor address for the receiving side speci 
?ed by the sending processor, and processor status in 
formation determined by the receiving processor ad 
dress. Therefore, each processor need not judge the 
state of the receiving processor, which dynamically 
changes when the command is sent. 
The processor status information includes informa 

tion on whether a processor is separated from the sys 
tem by the control, if not separated, whether the power 

45 

50 

55 

is on, and other information allowing determination of 65 
the possibility of command receipt and execution. 
The above-mentioned means, in a normal command 

transfer, assumes the processor having the speci?ed 

8 
address to be the receiving processor and sends the 
sending processor address thereto as transfer informa 
tion. If the processor having the speci?ed address is in a 
state where it cannot receive the command, e.g., the 
power is off, a predetermined processor with other than 
the speci?ed address, for example, the sending proces 
sor itself, is assumed as the receiving processor, and the 
information corresponding to the abnormal state is sent 
as the transfer information. 
By such control means, abnormal command transfer 

and processing can be performed by the same sequence 
as normal command transfer and processing. 
As is clear from the above, the present invention has 

considerable advantageous industrial effects, i.e., im 
proved reliability and economy of command transfer 
control between processors in a multiprocessor system. 
We claim: 
1. A system for controlling transfer of commands 

between processors each having a command sending 
unit and a command receiving unit operating indepen 
dently of each other, said system comprising: 

a single control unit connected to said processors; 
individual sending paths between the command send 

ing unit of each processor and said control unit, 
respectively; 

individual receiving paths between the command 
receiving unit of each processor and said control 
unit, respectively; 

wherein said single control unit including: 
?rst means for selecting, in a predetermined prior 

ity order, a sending path of a sending processor 
generating a command transfer request signal; 

second means for selecting a receiving path of a 
receiving processor; 

third means, connected to said ?rst means, for stor 
ing a sending processor address of the sending 
processor; 

fourth means for receiving a receiving processor 
address from the selected sending processor; 

?fth means, connected to said fourth means, for 
checking whether the received receiving proces 
sor address is one of a normal processor address 
and an abnormal processor address; 

sixth means, connected to said fourth and ?fth 
means, for checking a status of the receiving 
processor when the received receiving processor 
address is a normal processor address; 

seventh means, connected to said ?rst, second, 
third, fourth, and sixth means, for transferring 
the stored sending processor address to the re 
ceiving unit of the receiving processor when the 
receiving processor is available to receive com 
mands; 

eighth means, connected to said second, third, 
fourth and ?fth means, for sending the received 
receiving processor address to the receiving unit 
of the sending processor when the received re 
ceiving processor address is abnormal; and 

ninth means, connected to said second, third and 
sixth means, for generating an abnormal proces 
sor address representing the status of the receiv 
ing processor and sending the generated proces 
sor address to the receiving unit of the sending 
processor when the receiving processor is not 
available to receive commands. 

2. A multiprocessor system comprising: 
a ?rst processor producing a receiving processor 

address and a command; 
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a second processor; 
a single transfer control means, connected to said ?rst 
and second processors, for returning the receiving 
processor address to said ?rst processor when the 
receiving processor address is invalid, returning an 
invalid address to said ?rst processor when said 
second processor is not capable of executing the 
command, and connecting said ?rst and second 
processors to each other for transferring the com 
mand when the receiving processor address is the 
address of said second processor and said second 
processor is capable of executing the command, 
said transfer control means comprising: 
a receiving multiplexer connected to said ?rst and 
second processors; 

a sending multiplexer connected to said ?rst and 
second processors and said receiving multi 
plexer; and 

a control circuit, connected to said ?rst and second 
processors, determining the status of said ?rst 
and second processors, checking the validity of 
the receiving processor address, sending the 
invalid address to said ?rst processor through 
said sending multiplexer when the receiving 
processor address is invalid and when the receiv 
ing processor is in an abnormal state, and con 
necting said ?rst and second processors to each 
other through said sending and receiving multi 
plexers when the receiving address is valid and 
the receiving processor is in a normal state. 

3. A system for controlling transfer of commands 
between processors according to claim 1, wherein said 
seventh means further connecting the selected sending 
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path of the sending processor and the receiving path of 
the receiving processor and establishing an information 
transfer path between the sending and the receiving 
processors. 

4. A system for controlling transfer of commands 
between processors according to claim 3, wherein: 

each said command receiving unit includes response 
sending means for sending response information; 

each said command sending unit includes means for 
receiving the response information; and 

said system further includes a multiplexer for switch 
ing between the command sending paths of the 
command sending units and the response sending 
means of the command receiving units and per 
forming a transmission of the response information 
in the same manner as the transmission of com 
mands by switching the multiplexer from the com 
mand sending unit to the response sending means of 
the receiving unit in the receiving processor. 

5. A system for controlling transfer of commands 
between processors according to claim 1, wherein said 
processor address has an additional bit in addition to 
address bits request to count the total number of proces 
sors connectable to the system, and said ?fth means 
checking the received receiving processor address by 
checking the value of the additional bit of said proces 
sor address. 

6. A system for controlling transfer of commands 
between processors according to claim 5, wherein said 
ninth means generating the abnormal processor address 
by changing the value of the additional bit of the receiv 
ing processor address to a speci?c value. 
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